Naturally occurring tandemly repeat sequences are widely distributed among eukaryotes. Their evolution is characterized by genetic instability, which may arise from slippage, unequal crossover, and gene conversion (Charlesworth et al. 1994 ); this instability is seen in noncoding DNA (Jeffreys et al. 1994) , RNA-coding genes (reviewed in Li and Graur 199 1, , and protein-coding genes (Sharp and Li 1987) . The consequence of these events is that elements within an array are more similar to each other than would otherwise be expected: the homogenization of these repeats is described as concerted evolution (Li and Graur 199 1, . Tandem arrays are rarer in prokaryotes. The recently characterized (McDevitt et al. 1994) clumping factor protein-coding sequence (cl&t) in Staphylococcus aureus (strain Newman; GenBank Z 18852) contains one of the most extensive prokaryote simple tandem arrays known. A two-amino acid Serine-Aspartate motif spans 308 residues, with most departures from the exact motif at the two ends of the array. The DNA encoding this motif is an array of 18-nucleotide repeats, whose elements follow the consensus GAY TCN GAY TCN GAY AGY, where N is any base and Y is T or C. Thirty-one of the repeats conform exactly to the consensus and are located in the center of the array. This array is large and homogeneous enough to test whether concerted evolution is occurring at high rates.
Concerted evolution of a tandem array resulting from the physical proximity of similar sequences can have some or all of the following consequences: (1) the sequence identity between repeat members within a species is higher than that between members from two different species (Dover 1986); (2) there is a visible homogeneity of the arrayed repeats compared with monomers elsewhere in the genome; (3) the repeats that are physically closer within the array are more similar; (4) the distribution of distances between array elements is multimodal, as sequences that have recently undergone homogenization will be very similar, while those that have not done so will be quite different; more complex events such as multimeric homogenizations will also distort the distribution of distances from a unimodal Keywords: concerted evolution, tandem array, Staphylococcus aureus, clumping factor. distribution. While intraspecific comparison (Dover 1986 ) is the most powerful test, in the absence of sequenced clfA homologues from other species, it is of interest to investigate whether there is evidence in this array of the other consequences of concerted evolution.
The most noticeable feature of this array is that the repeats are quite different at synonymously variable sites and that the distribution of differences is unimodal: when all possible 465 pairs among the 3 1 repeats are considered, the numbers of pairs with zero to six differences are 21, 43, 88, 128, 99, 65 , and 2 1, respectively, giving a mean difference of 3.11. The number of differences expected between two randomly drawn repeats with codon usage typical of S. aweus was estimated as the sum of the squares of the codon third-position frequencies (based on codon frequencies in 17 S. aureus genes; table 1) multiplied by the frequency of the three codon types GAY (3), TCN (2), and AGY ( 1). This expected difference was 3.33, which indicates that the array may be close to saturation for substitutions. The second feature of this array is that repeats are not noticeably more similar to each other at any particular distance apart ( fig.  1 ). This provides evidence against any recent large-scale duplication, and the fact that the repeats close to each other seem no more similar suggests that neighboring repeats are not being preferentially homogenized.
A comparison of the usage of synonymous codons in the repeat region with the remainder of the clfA protein and with a group of similar genes indicates that the codon usage is slightly different in the repeat region (table 1); in particular, the Serine codon TCT is avoided and TCC is used more often. The frequencies of the four TCN codons in the 3 1 repeats are significantly different from that expected (x2, 3 DF, = 58, p < 0.01) when the expectation is taken from the other S. aureus genes (table 1). It could be argued that this difference in codon usage results from concerted evolution expanding a rare type through the array. However, given the absence of other evidence for concerted evolution, it seems more likely to reflect either a slight selective advantage (e.g., in terms of mRNA structure or translational efficiency) or possibly a mutational bias that is specific to the context of the surrounding bases.
While the descriptive evidence presented is strongly indicative of a lack of homogenization, it is useful to apply more explicit tests. A simple test is to see whether neighboring repeats are more similar than expected, 963 given the codon bias of the repeats. For this purpose, 27 neighboring consensus pairs were taken, and the six degenerate sites compared between them. For the 162 resulting pairs, the expected number that were the same was 78.7, calculated simply as 6 bases 27 c c u;j> ' , i=l j=] where Jj is the frequency among the 3 1 repeats of the fib base at the third-codon position of the amino acid found at residue position i (e.g., when i = 2 and j = T, Jj = 0.10; table 1). Seventy-seven neighboring pairs were observed to be the same, which is not significantly different from the expectation of 78.7 (x2, 1 DF, = 0.04, p > 0.10). The sample was large enough to detect a 25% frequency change in either direction (P < 0.05), indicating that neighboring repeats are not remarkably more or less similar than repeats drawn randomly from the array. It is also possible that homogenization could occur at a finer level, between the first six and the following six bases of a repeat. There are 42 repeats that follow the consensus for their first four residues; when the Aspartate residue pairs 1 and 3 and the Serine pairs 2 and 4 are considered, 44 are the same and 40 are different. The expected number of identical pairs (calculated as 42[ C(S,)' + C(oj>2], where $ is the frequency of base j for Serine and Dj is the frequency of base j for Aspartate in the 3 1 repeats; table 1) is 39.9; this difference is not significant (x2, 1 DF, = 0.4, p > 0.10). Table 1 clj2 Synonymous Codon Frequencies The independent evolution of degenerate sites in repeats within this array suggests that the frequency of mutational events that would homogenize repeats (such as unequal crossing-over, slippage, and gene conversion) ' Seventeen genes (both plasmid and chromosomal) of more than 500 codons, which had an effective number of codons (Wright 1990 ) of between 38.0 and 44.9; the value for clfA is 40.8, excluding the repeat region. Their third-codon position G+C content was in the range 14%-24%, similar to clfA (19% excluding repeat region). The genes were: tnpB, coa, ileS, fnbB, gyrB, mecR1, pdp2, quacA, blaR1. cap4 cna, lip, grlB, pbpA, pcrA, trsK, and vga; their respective GenBank 86 accession numbers are X032 16, X 17679, X75439, X62992, X7 1437, X63598, X62288, X56628, X52734, U 10927, M8 1736, M 127 15, L25288, D28879, M63 176, L11998, and M90056.
